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Structural Characterization of pH Responsive Polymer Cushions for Solid
Supported Membranes
Simon Castorph, Erik B. Watkins, Caroline Y. Kim, Tonya L. Kuhl.
University of California, Davis, CA, USA.
Solid supported lipid bilayers are highly useful model systems for cell mem-
branes. However, the close proximity of the membrane and the solid support
may adversely impact protein structure and mobility. One approach to screen
the membrane from the underlying support and to better mimic the cellular
cytoskeleton and the extracellular matrix is to fabricate a water rich polymer
cushion between the solid support and the lipid bilayer (1). In this talk, I will
describe a robust and versatile, pH sensitive poly(acrylic acid) (PAA) polymer
cushion that has been developed to elevate and decouple biomimetic lipid bi-
layers from solid supports (2). Importantly, structural details of PAA cushions
obtained using synchrotron based high resolution x-ray reflectivity and neutron
reflectivity clearly demonstrate the structure of the cushioned membrane sys-
tem and its response to environmental pH changes. Complimentary fluores-
cence recovery after photobleaching (FRAP) measurements demonstrate high
membrane mobility and integrity of the membrane. The system is easily
tailored for a variety of applications and shows enormous potential for bio-
sensing, probing membrane environmental interactions and investigations of
integral membrane proteins embedded into lipid bilayers on top of PAA
cushions.
1. Sackmann, E. 1996. Supported membranes: scientific and practical applica-
tions. Science 271:43.
2. El-khouri, R. J., D. A. Bricarello, E. B. Watkins, C. Y. Kim, C. E. Miller,
T. E. Patten, A. N. Parikh, and T. L. Kuhl. 2011. pH Responsive Polymer
Cushions for Probing Membrane Environment Interactions. Nano Letters
11:2169-2172.
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A Supported Bilayer Model to Study the Effect of Membrane Composition
on Bcl-2 Family Proteins
Amit Patel, Aisha Shamas-Din, Maikel Rheinstadter, Brian Leber,
David Andrews, Cecile Fradin.
McMaster University, Hamilton, ON, Canada.
Apoptosis is a self mediated form of cell death that plays a significant role in the
growth, development, and well being of multicellular organisms. If this process
fails, potentially harmful cells are able to multiply uncontrollably within the
organism forming harmful structures such as tumours. Although there are
many signals and processes involved that may trigger apoptosis, the Bcl-2 fam-
ily of proteins find themselves at a bottle neck of many of these pathways, as
well as at the point after which the cell is no longer able to abort committing
suicide. Bax is such a protein, and upon insertion and oligomerization within
the outer mitochondrial membrane of mitochondria, apoptotic factors (such
as cytochrome c) are released into the cytoplasm of the cell sealing its fate.
Lipid composition is known to affect the process of membrane permeabiliza-
tion by Bcl-2 family proteins, where different lipid compositions can block
the process at different steps. Here we have investigated whether these different
effects could be related to structural membrane properties. Solid supported lipid
bilayers and aligned bilayer stacks are a convenient model system to study
membranes structural properties. Not only do they allow for a rigid macro-
scopic sample size, they also offer a well defined geometry exploitable through
techniques such as atomic force microscopy as well as x-ray and neutron scat-
tering. Through Fourier analysis, we are able to utilize x-ray reflectivity data to
analyze the electron density profile perpendicular to the plane of the mem-
branes with sub-Angstrom resolution. We have characterized the structure of
a membrane with a lipid composition mimicking that of mitochondrial mem-
branes, and that of a series of membranes slightly differing from this original
composition, and known to block the Bcl-2 family proteins pore formation
process.
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Tuning Membrane Mechanics with Glycerol Adlayers
Luka Pocivavsek1, Kathleen D. Cao1, Kseniya Gavrilov1, Eva Y. Chi2,
Dongxu Lin3, Binhua Lin3, Mati Meron3, Jaroslaw Majewski4,
Ka Yee C. Lee1.
1Dept. of Chemistry, The University of Chicago, Chicago, IL, USA, 2Dept. of
Chemical and Nuclear Engineering, University of New Mexico,
Albuquerque, NM, USA, 3Center for Advanced Radiation Sources, The
University of Chicago, Chicago, IL, USA, 4Los Alamos National Laboratory,
Los Alamos, NM, USA.Lung surfactant (LS), a complex mixture of lipids and proteins that line the
alveoli, stabilizes the tissue structure and reduces the interfacial tension
to ease the work of breathing. During inhalation, LS spreads along the
surface as a locally flat monolayer, but on exhalation, LS is highly compressed
and collapses by moving out-of-plane to form folds into the alveolar
lining fluid. This study investigates how glycerol affects the lipid membrane
properties and mechanics for model LS monolayers using surface pressure-
area isotherms, fluorescence microscopy, X-ray scattering, and neutron reflec-
tivity [Biophys J, 2011, 101, 118]. The scattering experiments indicate that a
stable glycerol-enriched layer exists at the lipid headgroup/solvent interface
and enhances the ordering of the lipid tailgroups, especially at elevated
temperatures. The folding events on glycerol-containing subphases are orders
of magnitude greater than on pure water. The mechanical response of LS is
part of a general surface phenomenon that can be described by a wrinkle-to-
fold model for thin elastic membranes atop a soft substrate [Science, 2008,
320, 912] where the presence of the glycerol adlayer changes the membrane
bending stiffness.
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Adsorption Mechanism of Pulmonary Surfactant Lamellar Bodies at the
Air-Liquid Interface
Nina Hobi1, Monika Bachhuber1, Jesus Pe´rez-Gil2, Thomas Haller1.
1Medical Universitiy Innsbruck, Innsbruck, Austria, 2Universidad
Complutense, Madrid, Spain.
The surface active lipid/protein complexes of pulmonary surfactant are synthe-
sized by alveolar type II cells and stored in special organelles, the lamellar bod-
ies (LBs), in the form of tightly packed bilayers. Under normal physiological
conditions, surfactant is released by the LBs, and efficiently adsorbs at the sur-
face of the alveoli to lower surface tension. Secreted material from LBs main-
tains a particulate structure (=lamellar body like particles, LBPs) until reaching
the interface, where they exhibit a spontaneous disintegration to produce
a highly cooperative transfer of material into the surface film. Recent studies
proposed that surfactant protein SP-B and not SP-C is the most essential protein
for surfactant film dynamics and stabilization.
In the present study we have analyzed some of the factors defining LBP disin-
tegration and adsorption at the air-liquid interface, using a specially designed
multi-plate reader assay. Our results show that inactivation of SP-B leads to
a complete inhibition of LBP adsorption but had no effect on adsorption of
native surfactant purified from bronchoalveolar lavage. This suggests that
SP-B could be the crucial protein acting as the molecular trigger to ‘‘open’’
and therefore activate the compact LBP structure from the outermost mem-
branes, while other proteins, such as SP-C, still could aid to transfer phospho-
lipids into the interface once surfactant membranes are unpacked.
The aim of our research is to provide a deeper understanding of the pulmonary
surfactant behaviour and, in particular, to clarify the controversial partially
overlapping/redundant role of SP-C and SP-B in the unpacking and accumulat-
ing processes of the different forms of surfactant at the surface of the alveolar
hypophase.
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Fluorescence and Infrared Spectroscopy for the Study of Structure and
Lipid Packing/Hydration in Pulmonary Surfactant Membranes and
Lamellar Body -Like Particles
Alejandro Cerrada1, Elena Lo´pez-Rodrı´guez1, Thomas Haller2,
Jesu´s Pe´rez-Gil1.
1Complutense University of Madrid, Madrid, Spain, 2Medical University
of Innsbruck, Innsbruck, Austria.
Pulmonary surfactant is a lipid-protein complex that reduces surface tension at
the air-liquid interface in the alveoli preventing their collapse at end-expiration.
Lung surfactant is synthesized and stored in special organelles of alveolar type
II (AT II) cells called lamellar bodies (LBs). Upon exocytosis of LBs, surfac-
tant still maintains its packed structure that we call lamellar body-like particles
(LBPs), which disintegrate in an efficient and cooperative manner once they
reach the air-liquid interface to form the surface active film.
In the present study we compared the packing and hydration properties of native
lung surfactant membranes (NS) isolated from porcine bronchoalveolar lavage
and surfactant in LBPs secreted by primary cultures of rat AT II cells, taking
advantage of the spectral properties of the fluorescent probe LAURDAN.
The thermotropic profiles of LAURDAN are significantly different in NS
and LBPs, indicating the possible existence of additional levels of structural
complexity in LBPs that could impose restrictions to temperature-dependent
hydration as associated with potential phase transitions in membranes.
Infrared spectra provide valuable information about structural reorganizations,
at both the headgroup and the acyl chain regions of membranes, associated with
648a Wednesday, February 29, 2012lipid phase transitions. The differences in the thermotropic profiles of
LAURDAN in NS and LBPs correlate with important differences in the ther-
motropic profile exhibited by the IR spectra of the same materials, suggesting
the existence of significant structural differences between both types of surfac-
tant organizations.
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Phase Behavior of Lipid Mixtures that Emulate the HIV-1 Membrane: A
Monolayer Approach
Nerea Huarte1, Antonio Cruz2, Jesus Perez-Gil2, Jose L. Nieva1.
1University Basque Country, Leioa, Spain, 2Complutense University,
Madrid, Spain.
1Biophysics Unit (CSIC-UPV/EHU) and Dept. of Biochemistry, University of
the Basque Country, P.O. Box 644, 48080 Bilbao, Spain. 2Dept. of Biochem-
istry, Faculty of Biology, Complutense University, 28040 Madrid, Spain.
Disruption and/or deformation of the viral membrane are postulated to ensue
during HIV-1 fusion. Contrasting this assumption, lipidomic analysis together
with lipid-order estimations in infectious virions, support that the HIV envelope
is a highly ordered lipid domain of restrained deformability. However, the mole
percentages of SPM and Chol (18 and 45 %, respectively) actually suggest that
this compositionally heterogeneous membrane may lie close to the boundary
between Lo/Ld co-existence and pure Lo phase. Here, we use Langmuir lipid
monolayers to study the phase behavior of synthetic lipid mixtures that are cur-
rently used as viral membrane models. Our data are consistent with the exis-
tence of a Lo phase under physiological conditions, which may co-exist with
fluid domains upon subtle changes of membrane composition. We speculate
that fluid nanodomains could be generated in situ upon fusion activation and
subsequently exploited for the completion of the process.
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The Effects of NaCl on Oxidized Lipid Bilayers
Jirasak Wong-ekkabut1, Viwan Jarerattanachat1, Tunyarat Phasiri1,
Mikko Karttunen2.
1Kasetsart University, Bangkok, Thailand, 2Waterloo University, Waterloo,
ON, Canada.
Lipid peroxidation plays an important role in cell membrane damage in which
the polyunsaturated lipids are the main target for free radicals. The lipid bilayer
systems of 1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphatidylcholine (PLPC)
and its 4 main oxidation products, namely 9-tc-hydroperoxide linoleic acid,
13-tc-hydroperoxide linoleic acid, 9-oxononanoic acid, and 12-oxo-9-dideca-
dienoic acid were used to study the properties of oxidized lipid bilayer
{Wong-ekkabut J., et al., Biophys. J., 2007 }. Our study showed that the oxi-
dized lipid molecules were able to change the physical and mechanical proper-
ties of lipid bilayer. The effect of salt ions, important in living cells, have not
been studied previously. Here, the effects of NaCl on the properties of oxidized
lipid bilayers were studied by using molecular dynamics simulations. We found
that the effects of the oxidized lipids in the bilayer were in good agreement with
the previous studies {Wong-ekkabut J., et al., Biophys. J., 2007 }. The increas-
ing concentrations of the oxidized lipids caused an increase of the area per lipid
and a decrease of the bilayer thickness. A stable water defect was formed in the
bilayer at a high concentration of oxidized lipids because the polar group in the
oxidized lipid tail attracted the water dipoles. When salt molecules were added,
sodium ions permeated into the head group region leading to a decrease of the
area per lipid and an increase of the bilayer thickness. Our results show that salt
ions decrease membrane fluidity and water permeability of the oxidized lipid
bilayer.
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Impact of Oxidized Lipids on Membrane Structure and Dynamics and its
Interactions with Proteins
Marcus Wallgren1, Lenka Beranova2, Quoc Dat Pham1, Konrad Cyprych3,
Martin Hof2, Gerhard Gro¨bner1.
1Chemistry Department, Umea˚ University, Umea˚, Sweden, 2J. Heyrovsky
Institute of Physical Chemistry, Prague, Czech Republic, 3Wroclaw
University of Technology, Wroclaw, Poland.
Oxidized phospholipids (OxPls)are involved in numerous pathological
conditions. They are formed under oxidative stress and are therefore closely
linked to programmed cell death events (apoptosis). Unfortunately, a coherent
overall view of the causalities and mechanisms is lacking, mainly because of
insufficient understanding of the occurring processes on a cellular and molec-
ular level. In general, OxPLs are the oxidation products of (poly)unsaturated
diacyl- and alk(en)ylacyl glycerophospholipids. Their differences in the struc-
ture, polarity and shape from their parent molecules can change the biophysicalproperties and function of membranes. Simultaneously changes in the lipid-
protein interactions might result in the alternation of protein functions.
To characterize their impact on the organization of lipid membranes and
involvement in specific protein-lipid interactions - with respect to protein
misfolding but also the function of anti-apoptotic Bcl-2 protein - we study
various biological lipid model systems by a combination of Solid State
NMR, Circular Dichroism and Calorimetry techniques. DSC measurements
revealed significant effects of OxPls on the physical behavior of DMPC bilayer
especially at high concentration of OxPls. The size of changes was for all ox-
idized lipids used clearly visible but differentiated as a function of OxPls
species (PazePc, PoxnoPc, POVPC,PGPC). The observed phase transition in
these mixed DMPC bilayers were moved to higher temperatures in the presence
of heavy water due to condensing effects. Temperature dependent solid
state31P NMR lineshapes of lipid headgroups in OxPl-containing DMPC bila-
yers reflected their complex phase behavior as visible in the thermograms. In
addition there was a two phase region visible where two different types of la-
mellar phases coexist. In addition, 2H solid state NMR was used to characterize
the hydration behavior (D2O) at the membrane interface in the presense of
OxPls.
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Ultrasound-Induced Nanofragmentation of Bubbles with Saturated and
Unsaturated Lipid Coats
Debra J. Cox, James L. Thomas.
University of New Mexico, Albuquerque, NM, USA.
Micron-sized lipid-coated bubbles are of considerable interest for applications
in biomedical imaging and drug delivery. These bubbles have been reported to
rapidly shrink when exposed to a series of short (~3 ms) ultrasound pulses, pur-
portedly through a shedding of the coat during compression. Loss of coat would
lead to an increase in surface tension and internal bubble pressure, enhancing
diffusive loss of gas from the bubble long after the ultrasound pulse. For this
mechanism, a coated bubble in ultrasound could shrink no faster than an un-
coated bubble (absent ultrasound), as the shrinkage rate is entirely dominated
by diffusive loss between pulses. Remarkably, we find that most insonated
lipid-coated bubbles do shrink faster than quiescent uncoated bubbles. For
the extra shrinkage observed to occur by enhanced diffusive loss during the
3 ms pulse, the diffusion coefficient of the gas would have to be increased by
100-1000x. If bubbles cannot shrink by diffusive loss of the gas, they must eject
gas-entrapping fragments, even though no microscopically visible fragmenta-
tion was observed.
We have also studied the role of the lipid coat in bubble stability. We (and
others) have observed that bubbles with saturated lipid coats shrink to a stable
size of about 2 mm in diameter that persists indefinitely. Interestingly, we find
that bubbles coated with an unsaturated lipid shrink to the same stable size, but
it is short lived and the bubble catastrophically fragments after about 25-200
pulses. The differing fates of bubbles, and the nature of their fragmentation
products, may have important consequences for efficacy in ultrasound-
mediated drug delivery.
(This work was supported by NSF Grant DGE 0549500)
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Effect of Charge on DMPC/CHAPSO Bicellar Mixtures as Characterized
by NMR and Sans
Hannah Hazel Morales1, Ming Li2, John Katsaras3,4, Mu-Ping Nieh2,
Peter M. Macdonald1.
1University of Toronto, Toronto, ON, Canada, 2University of Connecticut,
Storrs, CT, USA, 3Chalk River Laboratories, National Research Council,
Chalk River, ON, Canada, 4Oak Ridge National Laboratory, Oak Ridge, TN,
USA.
Bicelles composed of 1,2-dimyristoyl phosphatidylcholine (DMPC) and the
zwitterionic bile salt analogue 3-[(3-cholamidopropyl)dimethylammonio]-2-
hydroxy-1-propanesulfonate (CHAPSO) are potential model membranes for
structural NMR characterizations of membrane proteins in a high temperature
environment. 25 wt% bicellar mixtures of DMPC/CHAPSO with molar ratio
Q=3 were found to align well in a magnetic field at temperatures between
35C - 55C as probed by 31P-NMR. Doping with the negatively charged lipid
1,2-dimyristoyl phosphatidylglycerol (DMPG) at a DMPG/DMPC molar ratio
R=0.10 extends the alignment temperature range to 30C - 60C. Diffusion of
2kDa polyethylene glycol (PEG) probe along the spacing between bicelles was
studied using 1H Pulsed Field Gradient (PFG) NMR. In neutral bicelles, PEG
exhibited curved exponential PFG NMR diffusion decays with diffusion coef-
ficients that are diffusion-time dependent. However, the presence of charge in
the bicelles enabled PEG to exhibit normal Gaussian diffusion with
